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This invention relates to means for discharg- objects and advantages as will hereinafter ap- 
ing hot molten fluid from a furnace smelter or pear or are incident to rny invention ae rëalized 
melting pot and is particularly applicable to is illustrated in preferred form in the accom- 
chemical recovery furnaces, also called smelter panying drawings, wherein: 
furnaces, such as those in vhich chemical is 5 Fig. 1 is a sectional elevational view of a waste 
recovered from the black liquor of wood pulp heat boiler with chemical ecovery, furnace to 
manufacture, of which there are two known which my improved smelt spout is applicable;- 
processes the sulphate or kraft process and the Fig. 2 is an enlarged elevational viev, partly in 
soda process, section as taken on line 2--2 of Fig. 3, of the 
In wood pulp manufacturing the chemical so- 10 smelt spout of Fig. 1 When constructed in accord- 
lution procured during one stage of the process ance with one preferred embodiment of.my 
is called black liquor and is obtained from wood . vention wherein trough-forming tubular ele- 
by the action of caustic soda or a mixture of ments are disposed parallel to the floW of the 
caustic soda and sodium sulphide upon the wood molten fluid; 
in a heated digester. After the action of the 15 Fig. 3 sh.ows a plan view of the improved smelt 
chemicals on the wood bas been completed in spout of Fig. 2 as taken on line 3--3 of-Fig. 2; 
a digester the material is washed and the wash Fig. 4 represents an enlarged cross-secional 
liquor usually termed blacl liquor contains sub- view of the saine spout as taken at line 4--4 of 
stances which should be recovered from the Figs. 2and 3; 
standp0int of economical operation. 20 Figs. 5 and 6 illustrae a smelt spout con- 
In the sulphate procesS, here discussed by way structed in accordance ith a second embodi- 
of illustration, said solution is later mixed with . ment of my invention wherein the .lOngitudinal 
so-called "salt cake," acting as-the make up-of axis of the tubular, sections is disposed .trans- 
 sodium sulphate, and sprayed into the feeding versely to the floW Of the-moiten fluid, Fig. 5 
and drying zones of the chemical recovery fur- 25 being a top view and Fig. 6 a front end=viw 
nace for retrieval. There most of the water is thereof; 
driven off by the heat in the furnace andcharred Figs. 7 and 8 represent.a third embodiment of 
particles are formed c0ntaining little moisture, my invention characgerized by forming a..cylin - 
This char or black ash, as it is frequently called, drical spout from a closelyspaced tùbular .helix, 
constitutes the dry solids in the black liquor and 0 Fig. 7 being a front end view .and Fig. 8 a top 
falls down to the bottom or hearth of the furnace, view (partly in section) thereof. 
The carbonaceous marrer in the dry solids is 
burned out in the combustion zone directly above Illustrative apPiication--(Kra]t unit) 
the hearth.or thereon and the heat thus gen- leferring flrst t0 Fig. 1, the reference charac- 
eratéd is used for maintaining the chernical reac- 5 ter A denotes one c0nventional form of smelter 
tions taking place in the furnace and for steam furnace, the foùr walls of which aè lined With 
production in the associated waste heat boileræ, exposed and closelyspaced tubês-2 connected to 
The chemical inorganic ash remaining after a waste heat boiler 4oroper B for. circulation of 
burning of the combustible is fused by the heat water and generation of steam. Appurtenances 
of combustion. As this chemical ash is melted, 40 of the unit such-as liquor evaporators, econo- 
the sodium sulphate, in the presence of carbon mizer, air heatert fans and the like are n0t here 
and a reducing atmosphere, is reduced to sodium shown. " 
sulphide. The sulphide is then removed from the The black liquor at the deslred, concentration 
furnace by spouting the molten smelt to a dis- of solids is introduced info the furnace cham- 
 . solving tank by way of one or more smelt spouts 45 ber in a fluid state by way of nozzles 4.- Sup- 
located at the furnace bottom, and extending ported by Preheated air entering through in'lets 
through the walls thereof. . combustion of the lighter-volatiles tákes Place 
 The primary object of my invention is. the at this stage. Thesmàll amount of watèr con- 
provision of an improved and superior, fluid tained, in the black liquor at the Same rime is 
cooled metal spout for discharging molten fluid 50. almost completely, evaporated in space by  the 
from a furnace. . . heat liberated and by thehot gases risin in 
A more speciflc object resides in the provision the smelter furnace and the solid content or 
.-. of means for discharging smelt, continuously, and black ash falls to hearth-C in a nearly dry state 
 ,.safelyfrom a chemical.[ec0very furnace, where if burns in.a bed .6. Preheated air is 
How the foreg9"mg/together_ ¢ith such. oier..i: admRted intë thls bed ïi. by  mëans/Of- inlets 



 in an amount sucent te continue combus- 
tion in a reducing atmosphere in the bed S. 
In this black ash bed $ evaporation oï the 
small percentage oï moisture contained in the 
black ash occurs, fmal distfllation oï volatfls 
and burning oï the solid combustible material 
takes place and sodium sulphate is converted 
into sodium sulphide in the presence oï carbon 
and in a reducing atmosphere. This sodium 
sulphide s one component of a hot molten mix- 
ture called "smelt," which smelt collects ai the 
very bottez of the urrce beow bed $ and 
sentially consists of sodium carbonate and 
sodium sulphide. The smelt is continuously 
withdrawn rom the ïurrce by way oï smel 
spout D into dissolving tank  . 
The exising roblen " 
It fs well known in the art of wood pulp manu- 
facture that these smelt spouts D when of con- 
ventional design constitute a source of serious 
difllculties, and are the cause of unwanted shut- 
downs and considerable maintenance expense. 
In early instullations such spouts were marie out 
of soap stone. Although the use of soap stone 
appeared te be moderately successful îor inter- 
mittent discharge of smelt, if proved te be 
adequate in absorbing the punishment resultlng 
ïrom a continuous high rate of fiow of chemical 
from the smelter hearth as fs prevalent in modern 
economical wood pulp processing. Consequent- 
ly these soap stone spouts were periodically fail- 
ing due te the high temperatures and deteriorat- 
ing influences te which they were subjected. 
Many attempts have been ruade te remedy thîs 
objectional source of trouble and te avoid the 
necessity and difficulty of maintaining these 
spouts in working order. One attempt consisted 
in fabricating the spouts out of cast iron. Due 
.te the extreme temperature at which the smelt 
 !eaves the urnace (1650 ° F. te 1800 ° F.) it was 
neessary te provide water cooling te keep the 
spout frein burning away. This was accom- 
 plished by imbedding wrought iron pipes in a 
Cast iron armer, cast iron being more resistent 
te heat, and providing cooling by cïrculating 
water through the pipës. However due te ex- 
.pansion stresses, cracks would appear causing 
failure of the spouts. 
Spouts were also constructed of car.bon steel 
welded in the form of a hollow shell and trough 
with internal balïles te control the fiow of the 
cooling fiuid. These spouts in seine cases fafled 
due te cracking or wastage of material at the 
upper surface, such failure being caused by the 
high temperature of and chemical attack by 
the molten smelt. 
Further attempts in solxing this problem were 
ruade by resorting te hea% resisting alloy steels. 
A smelt spout was recently built of stainless. 
teel comprising 18% chrome and 8% nickel and 
installed at a Kraft mill. This spout failed after 
being in service less than 30 days. Another 
loy composition was tried containing a lower 
percentage of chrome and a higher percentage 
o3 nickel. This spout fafled after 13 days of 
continuous service. Thèn higher chrome alloy 
steels with less nickel were thought te provide 
the answer te this problem. However these 
steels proved almost equally disappointing and 
very few installations survived for more than 
months. 
My solution te the roblem 
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surface temperature and thus accelerating cor- 
rosion ani erosion of the spout surface, the 
use of thick troughs was resulting in a very high 
thermal stress in the trough moral. Thick 
5 troughs were thon in use fo provide tolerances 
îor corrosion and because of the abuse these 
spouts receivi from poking. If can be shown, 
by thermal stress calculations based on Raymond 
J. Roark's "Formulas for Stress and Strain," or 
10 other methods, that a heat transfer rate of 
200,000 B. t. u. hr./sq, ff. which has been 
measured on a carbon steel spout of one hall 
inch thickness, results in thermal stresses oc- 
curing in conventionally designed smelt sPout 
15 walls with plate thicknesses of between % te 
inches which stresses considerably exceed the 
commoniy .used stress limits for carbon steel 
or even for alloy steels. It fs obvious that the 
thinner the plate out of which the smelt spout 
20 is fabricated the less the thermal stress in the 
outer fibre, because of reduced temperature 
gradient. 
NIy invention as illustrated in detail and 
scribed hereinaïter overcomes the practical and 
25 operational difficulties inherent in building a rhin 
walled smelt spout in the ïorm of a trough plate 
as heretofore known in the art and uniquely de- 
parts therefrom by applying a rhin walled, tubu- 
lar structure te this new use. Thus I bave solved 
30 a most serioui problem which has harassed paper 
mill cperators and designers for many ears past 
and has caused considerable expense aad loss of 
operating rime due te the enforced plant shut- 
clowns and in addition has caused health hazards 
35 te personnel because o èXplosions which o6cur 
when a spout fails. 
An improved smelt spout constructed in accord- 
ance with one preferred embediment of my in- 
vention is shown in Figs. 2, 3 and . In the illus- 
40 trative application shown by Fig. 1 such a smelt 
spout Dis located at the lowermost pàrt of the 
chemical recovery ïm-nace A. This speut D as 
in a design already tested may satisfactorfly con- 
sist of straight sections of tubing $4 (Figs. 2 and 
45 3) preferably of about one inch outside diame- 
ter and about /s inch wall thickness. These sec- 
tions are disposed side by Side in a semi-circular 
trough (see Fig. 4), thei ends being joined by 
- forged return bends 6, or other shor radius 
5O connections such as mitre welds, in a manher 
which wfll result in the formation of a cónt-iù- 
eus tubular conduit structure :} er closely spacëd 
tubes having an inlet  and an. ourlet2{}. 
55 Inlet  is connected te a source, of coiJling 
fluid (net shown) preferably non-scale fornding 
and oxygen-ree ceeling water for a continuous 
and serial flew through the thus establishedsinu- 
eus tubular cofl {}, the b0oling fldid leáifig by 
60 way of ourlet 2{}. 
In the illustratve construction here Shown, 
tubuIar sections 4 are closely spaced an d .sepa- 
rated by a spacer bar 22 Which is joingd by a 
centinuous weld-with the adjacent sections 4. 
65 The tubes may hewever, be optienalIy .wélded 
gether without use of the,spacer bar. The space 
between retta'n bends 6 -is-also closed by weld- 
ing thereto fillerpiêces 2, thus f0rming-an ,un- 
3 70 broken continuous trough uface formlerïfluid 
te fiow over. This main tubular structure 
may be supported .in any suitable manner às 
semi-circular collar 26 and baCkets  .aid bolt- 

ïin studying this problem I came to the con- ed to water wall heàder .$»aïd]ttïe:fiirriace-sï/P - 
::iflion tht, in addition o causng a veryhigh«75/portihg:steel:frae:çnst 16:). " " 



Aga_ntaaes 0]. nventive gesfgn _ _. 
Several smelt spous, abricated in .accordance 
with the above described improved design have 
been tested under actual service conditions in the 
field and have shown no signs of wear af ter being 
exposed for many months to the chemical and 
erosive action as well as high- temperat_ure of 
the molten:smelt (1650 ° F. to 1800 ° F.):  These 
very gratifying resoEts, tan. be attributed to the 10 
following three distinctive ïeatures of my-new 
spout construction. - . 
 Feature I: A. low thermal stress in the wall 
metal of tubular assèmbiage 10 is obtained. 
Feature II: The surface of-my-tubular-element 
spout exposed to the molten liquid is held at rel 
atively low temperatures. It is a well known 
act that the strength of steel as.well as its re- 
sistance to erosion and chemical action is greatly 
impaired at elevated temperatures. It is for this 
reason that spouts of the former unimproved con- 20 
struction frequently show a wasting .away and. 
grooving of the metal especially at the-lower end 
and at the lip of the smeIt spput. My improved 
design however, even after many months of serv- 
ice and upon close inspection, merely shows a pol 25 
ishing effect on the súrface entirely devoid of any 
notable reduction of wall thickness, grooving or 
material wastage. This is a direct result of the 
positive cooling of all exposed surfaces by the 
serial flow of the cooling water, ruade possible 30 
now by my uniquely novel continuous coil design. 
Feature III: A great .saving in operating and 
maintenance costis realized by a smelt spout de- 
signed to insure a long and uninterrupted service 
lire. Such a spout is ruade avaflable now by m: 35 
invention. Past faflures of prior art smelt spouts 
-have caused dangerous explosions in the chemi- 
cal recovery furnace due to spout cooling water 
entering the furnace upon faflure of the spout 
and running into the smelt bed. Instances are  40 
known where these explosions caused consider- 
able and costly damage to the water cooled fur- 
nace wall necessitating re-rolling of the water 
wall tube seats. It is easfly seen how a service- 
able and trouble free spout installation such as 45 
now ruade possible by my invention will auto- 
matically exclude a great deal of costly repair 
and .maintenance work, the cost of which must 
be taken into consideration when operating with 
a conventionally designed unimproved smelt 50 
SPout. 
Possible variations in smelt spout construction 
So far I bave only dealt in detail with but one 
preferred embodiment of my invention disclosed 55 
in illCtrative form by Figs. 2-3-4. Other forms 
of continuous coils for the fabrication of a 
spout for the discharge of molten fluid from a 
furnace obviously can be devised without de- 
parting from the spirit and scope of my invention. 
Figs. 5-6 and 7-8 respectively illustrate two such 
alternative forms falling within the scope of my 
invention. 
In the construction of Fîgs. 5-6, the spout 
trough is formed by parallel sections of tubing 65 
14' disposed transversely to the flow of molten 
fluid with individual sections thereof extendlng 
back and forth crosswise along the lower seg- 
ment of a circle which deflnes the trough con- 
tour. Such formation provides a continuous 7O 
sinuous path through which cooling water may be 
passed from inlet 8' fo ourlet 20'. Adjacent 
runs of the tubing are suîtably welded together 
as in the design of Figs. 2-3-4. 
And in construction of Figs. 7-8, the tubing 7 

14,',' is wound through adjoining circles of sub- 
tntial!Yequal diameter to form a complete 
cylinder along the.-trough-shaped bottom of 
which the furnace smelt runs. Adoining coils 
5. or sections of. the tub!ng are preferably welded 
together, and a continuous path for fiow of 
cooling water is again afforded.. 
.. Finally whie application, of my improvèd 
smelt spouts to but one manufacturîng process 
(wood puip in. whh- Smelt must be carried out 
of ..a chemical recovery furnace)_ ..ha s here been 
. _described, it will be underst0Pd that such de- 
scription îs illustrative rather than restrictive 
and that spouts constructed in accordance with 
my i.nvention.can..with .comparable benefit also 
be pplied to. other :processes, such as for 
instance metallurgical processes, in which a mol- 
ten fiuid is discharged from a furnace. 
What I claire as new and desire to secure by 
Letters patent of the United States 
1. In. a spout for discharging molten fluid from 
a ïurnace, the combination of a multiplicity of 
thin walled tubular :sections.positi0ned Side bY 
side in cl0sely spaced relation fo form a trough 
that is disposed fo receive said molten fluid and 
c0_nveY it away from the furnace by fiowing over 
..the upper surface of said tubuiar sections in 
direct contact therewith, said tbular sections 
having a wall thicknesæ of from one eighth .fo 
three sixteenths of an inch and being intercon- 
nected fo f0rm a continuous conduit for the 
serial fiow of a cooling fluid therethrough, where- 
- by heat emitted by the molten fluid and trans- 
mitted to the tubular, sectioni by direct contact 
therewith is carried away by said cooling fluid 
withou creating excessive thermal stresses with- 
in the walls of said Sput, thereby prolonging 
-the lire. thereof. . 
2. In a spout for discharging molten fluid from 
a furnace, the combination of a plurality of rhin 
wailed tubular, sections .having a wall thickness 
of from one eighth to:. three sixteenths of an 
inch. and positioned side by side.in closely spaced 
relation to form a trough that is disposed fo 
 receive said molten fluid and convey it away from 
the furnace by flowing .over the upper surface of 
 said tubular sections in direct contact therewith, 
adjacent tubular sections in said trough being 
.bonded together along their lengths fo form a 
unitary mechanical structure and ends of the 
tubular sections being interconnected to provide 
a continuous conduit for the serial flow of a cool- 
ing fluid therethrough, whereby extreme heat 
emitted by the :molten fluîd and transmitted to 
the tubular sections by direct contact therewith 
is carried away by said cooling fluid without 
creating excessive thermal stresses within the 
watls of said. spout thereby prolonging the lire 
thereof. " 
8 8. A spout for OEschrgin molten fluid from 
a furnace, comprising a mu]tipMcity of paraHel 
arranged rhin wa]]ed tubu]ar conduit sections 
forrafng a trough disposed fo receive said molten 
fluid and convey it away from the furnace by 
flowing over the upper surface of said tubu]ar 
conduit sections in direct contact therewith, said 
tubular conduit sections havini a wall thickness 
of from one eighth to three sixteenths of an inch 
and extending generally parallel to the axis of 
said trough with the ends thereof being inter- 
connected by return bends fo form a continuous 
sinuous conduit for the serial flow of a cooling 
fluid therethrough, whereby extreme heat emit- 
ted by the molten fluid and transmitted fo the 
tubular conduit sections by direct contact there- 



-.ïïtlï-is: carrled awy by- said.c0oling.:fluïd 
creating excessive .thermal .stresses within the 
wlls-of-said:spout thereby prolonging the lire 
thereòf. 
4. A spout-for, discharging molten fluid from a 
furnace, comprising a ,multiplicity. of-parallel 
arïanged and closely-spa'cèd,thin walled tubuiar 
conduit s,ections having a wall thickness of from 
one eighth to thrèe sixteenths of-,an inch and 
fornïing a generallysemicircular trouh disPosed 10 
fo receive said-molten fluid and convey it away 
from the " furace by flowing over. the .upper 
surface Of-said tubular conduit sections in direct 
cóntRc thè.rewith, .the tubùtar sections being dis- 
posed generally parállelto, the longitudinal axis 
of said- spout ,and -having. thèir ends inter-con- 
nected by return bentls' in  such a .manner -as 
to form a.continuous Sinuousconduit for-serial 
flow of coolingfluid-therethrough.With a .down- 
wardly projecting inlet means on one side thereof 
and a downwardly projecting ourlet means on the 
0pposite side thereof ,wherebycooling fluid flows 
into saidinlet-meàns seïia]ly through said con- 
tinuous-sinuous conduit and out through said 
ourlet means, adjacent-tubuiar sections as well 
as ïeturn-bendsbeing b0nded together thereby 
forming an imperfoïated geneïally semicircular' 
trough, whm-eby extreme-heat .emitted by the 
molten fluid, and transmited te the tubular 
conduit Sections-by direct conta, ct therewith fs '-30 
carried away-by said coóligfluid .without cïeat- 
in excessive .thermal-stresses within the walls 
0f , said. spout -theïeby. proloning the -lire theïeof. 
 5. In  spout-for discharging molten smelt -fïom 
-a .-chemical -r_eloveiY urnace, the combination 
of a muitip!icit-y òf .closely-spaced rhin walled 
tubular sections having a wall ttiickness,of from 
one eighth fo three sixteenthsdfan inch, said 
tubuar sections being interconnected fo forma 
single continuous, conduit for.the flow of cooling -0 
fluid- therethrough and beingwound -in adoining 
Circles to form an  e)_ongated, ho]low, ,geneïally 
cy]indi'ical spout disposed to receive saidmolten 
smelt and convey it away fïom-the chemical 
recovery furnace by-.flowing over the surface 45 
of-said tubular-sections in direct óntRct there- 
, vith, whereby extreme boat-emitted by the-molt- 
en-smelt- and transmïtted-tothe tubulaï sections 
bydiïect contact-therewith dS--carried away by 
. said,còoling, fluid, Without creating-excessive ther - 50 
-mal- tresses -wihin the walls,of said, spout tiere- 
-by prolonging .the lire thereof. 
6. In apparatus for recovering chemicals from 
b!aek liquoï which apparatus has a .hearth dis- 
posed fo receive ,molten chemicál;-an improved 
spout for discharging-said molten chemical,from 
said hearth, said impïoved spout compïising a 
multiplicity of closely spaced rhin walled tubuiar 
sections having a wall thickness of from .one 
either to thïeesixteenths of an inch, said tubular 
sections being interconnected oto foïm a 'stngle 
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continuous conduit for the iïow. of cooling fluid 
therethrough and being wound in adjoining 
Circles with adjacently diSposed tubes securely 
bonded fo one another thereby forming a hollow, 
geneïally cylindrical elongated spout disposed fo 
ïeceive said molten chemical and convey if away 
from the hearth by flowin said chemical over 
the surface of-said tubular sections in direct 
contact theïewith, the inlet of said tubular con- 
duit being adjacent  the inlet end of .the spout 
and the ourlet of said tubuiar .conduit being 
adjacent the ourlet end of the spout wheréby ex- 
tïeme heat emit%ed by the molten chemical and 
transmitted fo the tubuiar sections by direct 
contact theïewith fs carried, away by sid cool- 
ing fluid wihout cïeating excessive ,thermal 
stresses within the walls of .said spout ,thereby 
prolongïng the lire. thereof. 
7. In a furnace for recovering molten- chemicals 
fromblack liquor which furnace bas nozzle means 
for introducing black liquoï into the furnace, 
means for admitting the requiïed air for .com- 
bustion into the furnace, and a hearth in the 
lower, portion of the furnace disposed to receive 
molten chemicals resulting from the combus- 
tion of said black liquoï; improved chemical 
discharging means comprising a multiplicity of 
generally tJ-shaped rhin walled tubu]ar sections 
having a wall thickness of from one eighth fo 
three sixteenths of an inch, said generally U- 
shaped tubes being arranged in side by side close- 
ty spaced relation with theplanes in which their 
axes are disposed being normal fo the axis of 
said discharge means theïeby forming a trough 
disposed fo receive said molten chemical and 
convey it away fïom said furnace hearth by flow- 
ing over the upper surface of  said tubuiar sec- 
tions in direct contact therewith, .said tubular 
sections being joined .to forma continuous con- 
duit for the serial flow of a cooling fluid there- 
through, whereby extreme heat emitted by the 
molten chemical and transmitted fo the tubuiar 
sections by direct contact therewith fs carïied 
away by said-cooling fluid without cïeating ex- 
cessive  thermal, stresses within .the-walls ,of said 
discharin means thereby prolonging .the lire 
thereof. 
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